Endometrial hyperplasia (EH) is a common gynecological condition and may progress to carcinoma. We investigated the effect of diacerein (DIA) on estradiol benzoate (EB)-induced EH and atypia. DIA (50 mg/kg/day) was administered orally to rats for 4 weeks, in the presence or absence of EH induced by intramuscular injection of EB (60 lg/100 g) three times per week for 4 weeks. We measured levels of serum total cholesterol, uterine tissue malondialdehyde (MDA), total nitrites (NO x ), superoxide dismutase (SOD) activity, caspase-3, interleukin-1b (IL-1b) immunoexpressions, and histopathology. Results showed that EB-induced EH and atypia manifested by significant increase in serum total cholesterol with increase in MDA and NO x levels. EB showed the typical histopathological changes of EH and atypia. In addition, there was reduction in SOD activity and decrease in caspase-3 immunoexpressions but increase in IL-1b immunoexpressions. DIA was able to reduce EB-induced pathological changes.
A B S T R A C T
Endometrial hyperplasia (EH) is a common gynecological condition and may progress to carcinoma. We investigated the effect of diacerein (DIA) on estradiol benzoate (EB)-induced EH and atypia. DIA (50 mg/kg/day) was administered orally to rats for 4 weeks, in the presence or absence of EH induced by intramuscular injection of EB (60 lg/100 g) three times per week for 4 weeks. We measured levels of serum total cholesterol, uterine tissue malondialdehyde (MDA), total nitrites (NO x ), superoxide dismutase (SOD) activity, caspase-3, interleukin-1b (IL-1b) immunoexpressions, and histopathology. Results showed that EB-induced EH and atypia manifested by significant increase in serum total cholesterol with increase in MDA and NO x levels. EB showed the typical histopathological changes of EH and atypia. In addition, there was reduction in SOD activity and decrease in caspase-3 immunoexpressions but increase in IL-1b immunoexpressions. DIA was able to reduce EB-induced pathological changes.
I N T R O D U C T I O N
Endometrial hyperplasia (EH) remains a serious problem, especially for those who are in the childbearing age. EH originates from uterine endometrial glands with an increase in the gland-to-stroma ratio when compared with proliferative endometrium, undergoing disordered proliferation exhibiting the risk to progress to endometrial adenocarcinoma [1] .
The 2014 revised WHO classification simply classifies EH into two groups: (i) hyperplasia without atypia (ii) atypical hyperplasia. It is based upon the presence or absence of cytological atypia [2] .
Hyperplasia without atypia exhibits no relevant genetic changes. In few cases (1-3%), progression to invasive cancer may occur if there is predominance of oestrogen combined with insufficient progesterone levels and persists for long term. Atypical EH exhibits many of mutations typical for invasive endometrioid adenocarcinoma [3, 4] .
Endometrial cancer is the most common gynecological malignancy [5] . This is often preceded by atypical EH. Oestrogen is the major risk factor for EH and endometrial cancer [1, 6] .
Excessive oestrogen administration is an important factor in EH and endometrial cancer [1] . This excessive activity results in suppression of apoptotic pathways including caspase-3 pathway that leads to increase DNA replication and repair errors which in turn, can lead to somatic mutations that give rise to EH and subsequent malignancy [7] .
Unopposed oestrogens (administration of large doses of oestrogen therapy for long duration) have an inflammatory effect on the endometrium and release proinflammatory agents [8] . These agents can initiate and promote neoplastic transformation directly. It can also increase oestrogen production, which may facilitate carcinogenesis by disrupting the oestrogen-progestogen balance [7] .
Inflammation can contribute to the initiation and progression of disease via the release of interleukins, growth factors and cytokines to facilitate immune cell recruitment and cell proliferation with sustained tumor growth [9] .
Inflammatory cells and the production of proinflammatory cytokines induce rapid cell division and produce increased concentrations of free radicals that may damage DNA [7] . That is associated with marked replication errors and improper DNA repair and mutations [7] .
Interleukin-1 (IL-1) is an important cytokine with several functions, including stimulation of T lymphocyte, other cytokine production. IL-1b is the predominant form of IL-1 that is produced by most cells [10] .
Interleukin-1 causes the rapid induction of a wide variety of genes that encode for proinflammatory proteins and cytokine [7] . These cytokines are involved in endometrial cancer [11] .
Diacerein (DIA) is an anti-inflammatory, analgesic, and antipyretic drug, developed for treatment of osteoarthritis [12] . DIA inhibits the production of IL-1b by human monocytes. In addition, Tamura [13] indicated that DIA has antioxidant activity. Estradiol benzoate (EB)-induced EH through increasing IL-1b production and formation of free radicals so we aimed to study the effect of a potent IL-1b receptor antagonist and antioxidant agent (DIA) on EB-induced EH and atypia.
M A T E R I A L S A N D M E T H O D S

Chemicals
Diacerein was from Eva Pharma Company. EB 5 mg ampoule (Misr, Egypt), polyclonal rabbit/anti-rat caspase-3, and IL-1b antibody (Lab Vision Laboratories, Fermont, USA).
Animals and experimental design
Adult female Wistar rats weighing 250-300 g were obtained from the animal house, Giza, Egypt. Animals were kept in standard housing conditions in cages, three rats/cage, and left to acclimatize for 1 week. Rats were supplied with laboratory chow and tap water. This work was conducted in the Pharmacology Departement, Faculty of Medicine, Minia University, Egypt, and the animal experimental protocol was approved by the faculty board. About 1 g carboxymethylcellulose was dissolved in 100 mL water with heating [14, 15] then cooled.
Rats were randomly assigned into four groups (n = 6 each):
Group I was received vehicle of DIA (1% carboxymethylcellulose) [12] and intramuscular (im) olive oil three times per week for 4 weeks [16] . Group II was treated with DIA (50 mg/kg/day orally) [12] and im olive oil 3 times per week for 4 weeks [16] . Group III was treated with vehicle of DIA (1% carboxymethylcellulose) [12] and im injection of EB (60 lg/100 g) three times per week for 4 weeks [17] . Group IV was treated with DIA (50 mg/kg/day orally) [12] + im injection of EB (60 lg/100 g) three times per week for 4 weeks [17] .
Evaluation of serum total cholesterol
The total cholesterol is determined after enzymatic hydrolysis and oxidation. The quinoneimine is formed from hydrogen peroxide and 4-aminoantipyrine in the presence of phenol and peroxidase. The produced color intensity was measured colorimetrically at 500 nm using Beckman DU-64 UV/VIS spectrophotometer, (Beckman Instruments Inc, California, USA). Results were expressed as mg/dL [18] .
Evaluation of uterine homogenate
Part of the uterus was kept at À80°C. For preparing uterus tissue homogenate for biochemical analysis, uterus was homogenized (Glas-Col Homogenizer, East Lyme, Connecticut, USA), and a 20% w/v homogenate was prepared in ice-cold phosphate buffer (0.01 M, pH 7.4). The homogenate was centrifuged at 4000 g for 15 min at 4°C in cooling centrifuge, and the supernatant was kept at À80°C till used.
Evaluation of uterine superoxide dismutase levels Evaluation of uterus antioxidant defense mechanisms was carried out by assessment of uterine tissue superoxide dismutase (SOD) enzyme levels. The evaluation of uterine SOD levels depends on the fact that the oxidation of pyrogallol is inhibited by SOD. One unit of SOD is generally defined as the amount of enzyme that inhibits the oxidation of pyrogallol by 50%. The activity of SOD was monitored at 420 nm and was expressed as unit/g tissue [19] .
Assessment of uterine tissue malondialdehyde and NO X Levels
The process of lipid peroxidation depends on thiobarbituric acid reacting substance and is expressed as equivalents of malondialdehyde (MDA), using 1, 1, 3, 3-tetramethoxypropane as standard. The absorbance was detected at 535 by Beckman DU-64 UV/VIS, USA spectrophotometer. The results were expressed as lmol/g tissue [20] .
Nitrite and nitrate are an index of NO X production. It was based on Griess reaction that depends on the spectrophotometric measurement of NO X at 540 nm after conversion of nitrate to nitrite by copperized cadmium granules, which expressed as lmol/g tissue [21] .
Gross examination and Histopathological evaluation
Immediately after killed, the uteri were dissected, and the adipose tissue was removed. Then the uteri were weighed on Mettler Toledo scale, Switzerland. The middle third of the horn was dissected, and fixed in 10% formaldehyde for 24 h, processed and embedded in paraffin wax. Five micrometre serial sections were prepared and stained with hematoxylin and eosin. Assessment was performed with light microscopy using an Olympus microscope, (Tokyo, Japan). Gland-to-stroma ratio, luminal dilatation and leukocytic infiltration were evaluated and quantified by randomly selection of 10 fields from each rat.
Immunohistochemistry
Five micrometre sections were placed on positively charged slides (CITOGLAS). Sections were de-paraffinized with xylene, hydrated through 99.9, 95, and 70% ethanol, and then treated with 3% hydrogen peroxide for 30 min to inactivate endogenous peroxides, then washed in phosphate-buffered saline (PBS) solution. For antigen retrieval, sections were treated for 20 min in citrate buffer (pH 6.0) by microwave, and then allow cooling.
After rinse in PBS, primary antibodies were incubated overnight in a humidity chamber using caspase-3 and IL-1b primary antibodies (Polyclonal rabbit antibody, Lab Vision Laboratories), then washed with PBS before applying the biotinylated secondary antibody (Lab Vision Laboratories) for 30 min. Sections were washed in PBS and incubated with the streptavidin-biotin complex reagent (Lab Vision Laboratories) for 30 min.
A brown color was developed with 3, 3-diaminobenzidine tetra-hydrochloride (Lab Vision Laboratories) for 5 min, then washed in distilled water, counterstained with Mayer's haematoxylin, dehydrated, cleared in xylene, mounted, and covered slipped. Each staining batch included both positive and negative control sections. In negative control, primary antibody was omitted and replaced by PBS [22] .
Scoring of immunostaining
Screening of sections was performed under light microscope magnification 9200 or 9400. To assess positive staining for IL-1b, tissue section was screened for positive cells, defined as cells with cytoplasmic staining and the cutoff for positivity were set on 5% [23] . Regarding caspase-3, tissue section was screened for positive cells, defined as cells with cytoplasmic staining considered positive when >10% of the cells were positive [24] .
Statistical analysis
Data were analyzed by one-way ANOVA followed by Dunnett multiple comparison test. The values were represented as means AE SEM. Statistical analysis was performed using GraphPad Prism software (version 5) (San Diego, CA, USA). The differences were considered significant when the calculated P value was less than 0.05. For immunohistochemical scoring, associations were evaluated with the Chi-square test. Pearson's rho coefficient was used for categorized variables to test the correlation between the two markers. Statistical analysis was carried out using SPSS â Release 16 (SPSS 16
Inc., Chicago, USA). Statistical significance was determined at P value less than 0.05.
R E S U L T S
Effect of DIA on serum total cholesterol in EBtreated rats Estradiol benzoate (60 lg/100 g) significantly increased serum total cholesterol levels compared with control group. Administration of DIA to EB-treated rats significantly decreased serum total cholesterol levels compared with EB-treated group ( Table I) .
Evaluation of uterine homogenate
Evaluation of uterine tissues SOD Treatment with EB (60 lg/100 g) caused significant decrease in uterine tissue SOD levels compared with untreated control group (Table II) . Concomitant treatment of EB (60 lg/100 g) with DIA significantly increased the levels of uterine tissue SOD levels compared with EB-treated group.
Evaluation of uterine tissue MDA and NO X Estradiol benzoate (60 lg/100 g) significantly increased uterine tissue MDA and NO X levels compared with control group. Administration of DIA to EB-treated rats significantly decreased MDA and NO X compared with EBtreated group (Table III) .
Gross examination and Histopathological evaluation Gross examination Uteri of control and DIA groups showed no gross abnormalities and mean weight by gram were (0.97 AE 0.04) and (1.01 AE 0.05), respectively; there was no dilatation of the horn. In the EB group, the mean weight was (9.77 AE 0.81). Dilation of the uterine horns was markedly observed and on opening; they contained thick, turbid proteinaceous material. Uteri of EB + DIA group weighed (3.2 AE 0.30), with the horns showing moderate dilation less than that observed in the EB group, also only serous fluid was detected. There was significant difference between control and EB groups. In addition, there was significance between EB and EB + DIA groups.
Histopathological evaluation
In both control and DIA groups Figure 1 , there were features of proliferative endometrium with a normal gland-to-stroma ratio. The glands were lined by cuboidal cells with small, rounded nuclei in sparse cytoplasm. The stroma was abundant, with minimal leukocytic infiltration. There was no luminal dilation. The EB + DIA group showed picture suggestive of disordered proliferative endometrium; scattered few cystic glands in an otherwise normal-looking endometrium. The glands were lined by columnar epithelium with eosinophilic cytoplasm. The stroma was infiltrated mildly by leukocytes. There was mild luminal dilation. The EB group exhibited picture of EH and marked luminal dilatation. There was irregular gland density and the gland-to-stroma ratio. Glands were variable in shape; many were cystic and showing stratification. The glandular and luminal epithelial cells were hypertrophied with abundant eosinophilic cytoplasm. The stroma showed marked leukocytic infiltration mainly by neutrophils.
Focal atypical EH was detected in discrete areas of marked gland crowding. The irregularly shaped glands were compactly arranged, disorganized, and separated by only a sparse stroma in between. Nuclear atypia was identified in the epithelium, characterized by loss Diacerein, endometrial hyperplasia of polarity, irregularly shaped nuclei, and prominent nucleoli.
Effect of DIA on IL-1b immunoexpression in EBinduced EH in female rats
In Figure 2a ,b, there were negative expressions of IL-1b in control and DIA groups. Figure 2c was EB group and showed significant increase in its expression compared with control group. Figure 2d was EB + DIA and showed significant decrease in its expression compared with EB group alone, while no significant difference could be detected between control and EB + DIA groups (Figures 2 and 3) .
Effect of DIA on caspase-3 immunoexpression in EB-induced EH in female rats
In Figure 4a -c, there were negative expressions of caspase-3 in control, DIA, and EB groups. Figure 4d was EB + DIA and showed significant increase in its expression compared with EB group (Figures 4 and 5) .
Correlation between IL-1b and Caspase-3 immunoexpression There was a significant negative correlation between IL-1b and caspase-3 immunoexpressions in EB group and EB + DIA group (r = À1.000, and P = 0.000). 
D I S C U S S I O N
EC is the most common gynecological malignancy, and EH is its precursor [25] . Lian et al. [26] detected that EH and EC are associated with induction of oxidative stress and inflammation. They found that both genistein and daidzein have an inhibitory effect on oestrogen-induced endometrial carcinogenesis in mice, possibly by suppressing expression of oestrogen-induced oestrogen-related genes and internal cytokines IL-1 and TNF-a. That is found in our study when we tried to study the effect of another powerful antioxidant and antiinflammatory drug (DIA) to treat EB-induced EH and atypia.
Hypertension, elevated levels of glucose, total cholesterol, LDL-cholesterol, and reduced levels of HDLcholesterol were detected among women with EH and EC [27] . The same is detected in our study in form of significant increase in serum total cholesterol levels in EH-induced group compared with control. That is in accordance with € Ozdemir et al.
[27] and Romualdi et al. [28] . On addition of DIA, it succeeded in normalization of total cholesterol levels compared to EBinduced EH and atypia due to its anti-inflammatory, antioxidant, and lipid lowering effects [29] .
Oxidative stress plays an important role in developing EH and EC [26] . Cells develop an enzymatic antioxidant pathway against reactive oxygen species, which are generated in oxidative metabolism. SOD catalyses the superoxide anion (O 2˙À ) to hydrogen peroxide (H 2 O 2 ), which in the second step is converted to water by catalase or GSH [16, 30] . In our study, the activity of SOD significantly decreased in EB-treated rats as compared with control Groups Immuno-positive cells/field Figure 3 Semi-quantitative analysis of IL-1b immunoexpression in uterine tissues. Estradiol benzoate (EB) group showed significant increase in its expression compared to control group. Estradiol benzoate and diacerein (EB + DIA) administered group showed significant decrease in its expression compared to estradiol benzoate (EB) group alone. While no significant correlation could be detected between control and estradiol benzoate (EB + DIA) and diacerein administered groups. rats. That is due to accumulation of highly reactive free radicals, which led to significant reduction in SOD activity. That is in agreement with Peji c et al. [16, 31, 32] .
Co-administration of DIA to EB-treated rats showed significant increase in SOD activity compared with EB-treated rats alone. That is consistent with Refaie et al. [12] .
Oxidative stress and inflammation may damage cellular structures via lipid peroxidation of cellular membranes. O 2˙À reacts with lipid to form lipid peroxides followed by b-oxidation to form MDA [33, 34] . That is detected in our study, which showed significant increase of MDA levels in EB-treated group compared with control group. That is in agreement with Peji c et al. [30] who showed that lipid hydroperoxides level was elevated in both tissues of patients with EH and adenocarcinoma in comparison with healthy subjects or patients with benign lesions. On addition of DIA to EB-treated rats, it led to a significant decrease in MDA level compared to EB-treated rats alone. The same is found in Refaie et al. [12] .
Another radical formatting mechanism is the NO x producing system. The high production of NO x results in peroxynitrite formation, which is a potent and aggressive cellular oxidant system [35] . The current findings showed that EB administration significantly increased uterine level of NO x compared to control group and that is consistent with Roberto da Costa et al. [36] . Co-administration of DIA significantly decreased NO x levels compared to EB-treated rats alone. The same is found in De Isla et al. [37] .
The typical histopathological changes of EH and atypia were detected in our study, and these changes are consistent with Yang et al. [1] .
In our study, addition of DIA to EB group showed significant improvement of these histopathological changes and that approves the recently suspected anticancer effect of DIA as detected by Bharti et al. [38] .
In EH macrophages secrete potent pro-inflammatory cytokines such as TNF-a, IL-6, and IL-1b, which are known to activate numerous transcription factors that regulate the expression of genes involved in immune responses, anti-apoptosis, angiogenesis, and metastasis [39] . The same is found in our study, which showed significant increase of IL-1b immunoexpression in EBtreated group compared with control group. Our findings are in agreement with Niwa et al. [39] .
Diacerein plus EB treatment showed significant decrease in IL-1b immunoexpression compared to EBtreated rats alone. That is in accordance with Starodubtseva et al. [40] .
Induction of p53 mediates cell apoptosis through transcriptional upregulation of target pro-apoptotic genes that leads finally to activation of caspase-3 family of proteases and apoptotic cell death [41] . In our study, treatment with EB showed significant decrease in caspase-3 immunoexpression compared to control group. These findings are in agreement with He et al. [17] and Guo et al. [42] .
Diacerein plus EB treatment showed significant increase in caspase-3 immunoexpression compared to EB-treated rats alone. That is in line with Bharti et al. [38] who detected that DIA considerably suppressed tumor growth by increased apoptosis and inhibition of IL-6 pathways in tumor remnants.
C O N C L U S I O N
Endometrial hyperplasia is a common lesion, and diacerein is recommended as a safe treatment in these cases.
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